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LONG RANGE DATA TRANSMITTER FOR HORIZONTAL 
DIRECTIONAL DRILLING 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] This invention relates to a method and apparatus for retrieving 

operational data from a subterranean borehole. More particularly, this invention 

relates to a method and apparatus for providing a radio frequency data link between 

a subterranean device disposed proximate the end of a drill string whereby data 

related to activity at the end of the drill string can be communicated in real time to the 

drill rig operator. Although suitable for vertical and non- vertical drilling directions, 

it is particularly suitable for use in connection with horizontal drilling operations. In 

addition, it is suitable not only for drilling operations, but also for pullback operations. 

The invention includes an antenna and corresponding drill head components suitable 

for inducing the desired data signal into the connected drill string for communication 

back to the drill operator. 

Description of Related Art 
[0002] The technology of drilling gas and oil wells has advanced significantly 

in recent years. Part of this advancement involves new and improved techniques for 
drilling non-vertical (i.e. horizontal and other directional) wells. One advantage of 
horizontal and other directional drilling is that it enables a greater portion of the well 
bore to be exposed to gas or oil-producing strata, which tend to be disposed more 
horizontally than vertically. This enables more gas or oil to be produced from the 
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directional well, than from a similar vertical well. 

[0003] When drilling non-vertical well bores, it is common practice to use 

downhole sensors to measure the orientation of the well bore. The well bore 
orientation information gathered during drilling must be transmitted to the surface. 
Conventional downhole sensors used to measure well bore orientation include a three- 
axis accelerometer used to measure roll and inclination of the well bore, and a three- 
axis magnetometer (which functions as an electronic compass) to measure the well 
bore azimuth. Information on the well bore is conventionally transmitted to the 
surface of the earth using a wireline, a measurement while drilling (MWD) mud 
pulser, or an electric dipole. 

[0004] However, conventional transmission methods and devices have certain 

disadvantages. Wireline systems, which use a coaxial high strength cable to connect 
the downhole sensors to the surface, require the use of a wireline truck. Wireline 
trucks are expensive, both to buy and operate. Also, the wireline must be cut and 
reconnected to enable the insertion of drill pipe at the surface as the well is drilled 
down. 

[0005] MWD methods require changing the downhole fluid dynamics to 

propagate pressure pulses to the surface. The pressure pulses are used to encode the 
downhole information. MWD systems are expensive to buy and operate, and do not 
work well in some formations in which the circulation is lost or poor. 
[0006] The electric dipole transmission method creates a downhole dipole by 
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electrically isolating a portion of the drill pipe and impressing a voltage across it. 
This method is relatively simple and inexpensive. However, the technique does not 
work when there is a moderately conducting formation above the dipole, which shorts 
the dipole signal. Also, this technique cannot be used inside casings, because the 
casing shorts out the signal. 

[0007] Magnetic dipole antenna transmission has been proposed to eliminate 

the above shortcomings but has yet to be perfected for practical usage. 
[0008] Yet additional limitations of conventional methods and systems include 

a lack of range sufficient to deliver real-time data directly to the drilling machine 
actuating the drill string and an inability to inform the drill operator of conditions 
along the drill string in real-time to enable timely corrective action to be taken. 
[0009] A number of systems have short-range capabilities. These typically 

require that a hand held unit be carried along the drill path so as to be in close 
proximity to the drill head. The operator carrying the hand-held unit then typically 
communicates verbally with the operator of the drilling rig. This can lead to delays 
in stopping operations when undesirable conditions occur. This approach is also 
unworkable where the horizontal drilling operation is under a railroad, river or busy 
thoroughfare. 

[0010] There are also wireless approaches in which data is transmitted from the 

device in the buried drill string to a movable device on the surface. The data is then 
automatically transmitted by a second radio link in the surface device to the operator 
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of the drilling rig. This radio-relay approach speeds up the transfer of data to the 
operator; however, it still requires that the movable relay device be in close proximity 
to the buried device traveling the drill path. 

[0011] Other systems have been developed that record conditions at the drill 

head in an internal memory, which can be extracted after operations are complete. 
However, such data, although captured, cannot be used in real time to prevent 
undesirable conditions. 

[0012] Consequently, there is a need for a method and apparatus for 

transmitting downhole data to the surface which is relatively simple and inexpensive, 
which provides a strong signal, which can be used in a wide variety of environments 
and which provides real-time information to the drilling rig operator. 

SUMMARY OF THE INVENTION 
[0013] Accordingly, it is one object of this invention to provide a method and 

apparatus for transmitting downhole data to an above ground location. 
[0014] It is another object of this invention to provide a method and apparatus 

for informing a drill operator of conditions within a subterranean borehole in real 
time. 

[0015] It is still a further object of this invention to provide a method and 

apparatus for transmitting data from a subterranean borehole to an above-ground 
location which is suitable for use in a wide variety of environments. 
[0016] It is yet a further object of this invention to provide a method and 
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apparatus for long range data transmission in horizontal directional drilling 
applications. 

[0017] These and other objects of this invention are addressed by an apparatus 

comprising a drill string having a working end comprising drilling means for drilling 
a subterranean borehole and/or pullback means for pulling an object through a 
subterranean borehole. The apparatus further comprises a measurement system 
suitable for measuring at least one operational characteristic of the drilling means 
and/or the pullback means, which measurement system comprises a metallic section 
in direct contact with the drill string. At least one toroid having toroidal electrically 
conductive windings is circumferentially disposed around a first portion of the 
metallic section. A non-conductive material is disposed around the toroid whereby 
contact between the toroid and the subterranean environment and any metallic contact 
between sections of the drill string exterior to the toroid during operation of the 
apparatus are precluded. 

[0018] The invention is particularly useful in any situation involving horizontal 

drilling apparatuses. It utilizes the metallic drill string itself as a signal conduit to 
deliver data to the drilling rig operator and can be used during both drilling and 
pullback operations. The invention utilizes a specific antenna design and 
corresponding drill head components to promote signal induction into the connected 
drill string. The transmitter is self-contained and requires no modification to the drill 
string or the drilling rig. 
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[0019] The invention utilizes the toroidal element appropriately constructed to 

magnetically induce a signal into the metallic structure of the transmitter. This signal 
is also induced into metallic appurtenances in contact with the transmitter. As a 
result, the signal is also induced into the attached drill string and other metallic 
components thereof. The frequency of the induced signal is also selected such that 
it is not easily attenuated by passage through soil. 

[0020] The invention is utilized to capture data from the downhole end of the 

drill string during drilling operations. For example, it may be used to monitor 
downhole pressures, temperatures and the like during the drilling operation. In 
addition, it may also be utilized during a pullback operation to monitor the tension in 
a plastic pipe or conduit being installed. Sensors, a power supply and a source of data 
to be transmitted from the end of the drill string may be built into a drill head disposed 
at the working end of the drill string or they may be built into a tension measurement 
pod that can be attached to the working end of the drill string. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] These and other objects and features of this invention will be better 

understood from the following detailed description taken in conjunction with the 
drawings wherein: 

[0022] Fig. 1 is a schematic diagram showing a general overview of a drilling 

system for use in accordance with one embodiment of the method of this invention; 
[0023] Fig. 2 is a schematic diagram showing the basic electronic components 
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comprising one embodiment of the apparatus of this invention; 

[0024] Fig. 3 is a cross-sectional view of a toroid in accordance with one 

embodiment of this invention; and 

[0025] Fig. 4 is a schematic diagram of a lateral view of a tension-measuring 

device in accordance with one embodiment of this invention. 

DETAILED DESCRIPTION OF THE PRESENTLY 
PREFERRED EMBODIMENTS 

[0026] A primary object of this invention is to provide a method and apparatus 

for transmitting data from a subterranean borehole to a location above ground. Fig. 

1 is a diagrammatic overview of a system suitable for addressing this object in 

accordance with one embodiment of this invention. As shown therein, the system 

comprises a transmitter 10 operably linked to metallic drill string 16 proximate drill 

string working end 19. As used throughout the specification and claims, the term 

"drill string" (also sometimes referred to in the art as a drill rod) refers to sections of 

tube or pipe and/or solid rods connected end-to-end used to drill boreholes into the 

ground. Such boreholes may be oriented vertically, horizontally or at an angle with 

respect to vertical. In the application shown in Fig. 1, metallic drill string 16 is 

operably connected through a first borehole opening 15 to a drill rig 18 and 

transmitter 10 is operably connected to a tow head 1 1 connected to a flexible pipe 12 

for pullback through a second borehole opening 14 in the direction of first borehole 

opening 15. The manner in which transmitter 10 is linked to metallic drill string 16 

enables drill string 16 to be used as a signal conduit to deliver data in real time to the 

GTI-1525 8 /S 



drill rig operator. More particularly, transmitter 10 comprises a toroidal element 25 
as shown in Fig. 2 appropriately constructed to induce a signal into the metallic 
structure of the transmitter and into metallic appurtenances in contact with the 
transmitter. As will be discussed in more detail herein below, in the pullback 
application shown in Fig. 1, transmitter 10 comprises tension measuring means for 
monitoring stresses during the pullback operation. Data generated by the tension 
measuring means is transmitted to receiver 17, which is readily accessible by the drill 
rig operator. 

[0027] As previously indicated, the primary element used to induce a signal 

into the drill string 16 is a toroidal element 25 in the form of a toroidal core made of 
ferrite or other suitable magnetic material. An electrically conductive winding 26 of 
multiple turns of conducting wire is made upon the toroidal core 25, which is driven 
by transmitter circuitry to be described later. Disposed within transmitter 10 is a 
measurement package suitable for monitoring downhole conditions, which 
measurement package comprises a metallic section in direct contact with the drill 
string 16. Toroidal core 25 is disposed around a first portion 35 of the metallic 
section (Fig. 3). To prevent contact between toroidal core 25 and the subterranean 
environment during operation of the drilling or pullback apparatus, toroidal core 25 
is enclosed within a non-conductive material 33 as shown in Fig. 3. Suitable non- 
conductive materials include epoxy and lexan. A second portion of the metallic 
section of the measurement package by way of metal cones 37 disposed fore and aft 
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of the measurement package as shown in Fig. 4 in accordance with one embodiment 
of this invention is exposed to enable contact between the second portion of the 
metallic section and the subterranean environment during operation of the apparatus. 
[0028] As shown in Fig. 3, this arrangement creates in effect a toroidal 

transformer. The toroidal electrically conductive winding 26 on toroidal core 25 that 
is driven with appropriate circuitry constitutes the primary winding 34 of the 
transformer. The exposed metallic section and the soil with which it is in contact 
forms the secondary winding/circuit 32 of the transformer. In addition, any other 
metallic appurtenances, such as drill string 16 and tow head 1 1, in direct contact with 
the measurement package will become part of this secondary circuit 32. 
[0029] It will be apparent to those skilled in the art that there can be no metallic 

contact between the metal cones 37 exterior to the toroidal core 25. Thus, an 
additional function of the non-conductive material 33 is to preclude any metallic 
contact between sections of the drill string 16 exterior to the toroidal core 25. The 
load bearing, metallic core 35 of the measurement package must pass through the 
interior of the toroidal core 25. The secondary circuit 32 is, thus, completed by the 
soil external to the toroidal core. When the primary winding 34 is driven with an 
excitation current, a current is also induced into the attached drill string and 
surrounding soil. The resistance of the soil causes the current through secondary 
circuit 32 to be more evenly distributed over the entire length of the drill string 16 or 
other metallic appurtenances in contact with the measurement package. The 
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distribution of the current over the length of the drill string enables the entire length 
thereof to act as an antenna, radiating the signal. This, in turn, enables the signal to 
be detected at any point along the drill string, up to and including the point at which 
it connects to the drill rig 1 8. Any undesirable exterior metallic connection between 
the fore and aft metal cones 37 will provide a low-resistance path for the signal 
currents and greatly reduce the extent of the current distribution through the soil. 
This, in turn, will greatly attenuate the radiated signal and reduce the range over 
which the data signal can be detected. 

[0030] Given this basic means for coupling a signal into the drill string, a 

variety of signals can be used to transfer useful intelligence from the end of the drill 
string, traveling through the soil, and to an operator at the drilling rig. The 
embodiments discussed herein below utilize amplitude modulation of digital data, but 
other modulation schemes may be equally applied. It should also be noted that the 
radiated signal can also be used to locate the drill string itself in addition to providing 
a data transfer conduit. 

[0031] Fig. 1 shows an apparatus suitable for use in measuring the tension in 

plastic pipe installed by apullback method in accordance with one embodiment of this 
invention. In this method, two borehole openings 14, 1 5 are formed at the desired end 
points of a plastic pipe 12. A horizontal drilling rig 18 is positioned at one borehole 
opening 15 and a drill head, inserted into the ground through borehole opening 15, is 
pushed through the soil until it emerges through the second borehole opening 14. The 
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drill head is then removed and the end of the plastic pipe to be installed is attached to 
the working end 19 of the drill string 16 using a fitting, such as tow head 11, designed 
for this purpose. Drill string 16 and the attached plastic pipe 12 are then pulled back 
by the drilling rig 1 8 until the plastic pipe extends between the two borehole openings. 
Using this method and apparatus enables installation of the plastic pipe without the 
need for trenching or other extended excavations. 

[0032] In order to measure the pullback forces on the plastic pipe, a tension 

measurement link in the form of transmitter 10 is inserted between drill string 16 and 
plastic pipe 12 where it experiences the pulling force on the pipe. Transmitter 10 as 
shown in Fig. 2 comprises a battery 30, tension measuring load cell 29, 
microprocessor 28, antenna drive circuitry 27 and an antenna toroid 25 mounted as 
discussed below. 

[0033] In accordance with one embodiment of this invention, transmitter 10, 

which in the embodiment shown in Fig. 4 is a tension measurement pod, comprises 
metallic rod or core 35 extending axially through the pod and operably connected to 
tension measuring load cell 29. The electronic components are enclosed within a non- 
conductive covering 33 in the form of a lexan tube, which is sealed at both ends by 
o-rings 36. Connected to each end of the transmitter/pod 10 are exposed metal cones 
37. Connected to each exposed metal cone 37 is a rod end 38 and a shackle 39, 
whereby the pod is connected to the drill string 1 6 and the tow head 1 1 . The exposed 
metal cones 37, rod ends 38 and shackles 39 provide contact points with the 
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surrounding soil and exterior metallic appurtenances including the drill string 16 and 
the tow head 11. In accordance with one preferred embodiment, rod ends 38 and 
shackles 39 are connected to metal core 35 whereby, in addition to the metal core 35 
and load cell 29, rod ends 38 and shackles 39 are load bearing. Although they are in 
contact with the rod ends, the exposed metal cones 37 generally are not load bearing 
members. Internal o-rings 36 disposed between the cones 37 and the metal core 35 
help with sealing, but the cones 37 are not threaded to either the metal core 35 or the 
rod ends 38. It will be apparent to those skilled in the art that other equally suitable 
designs exist for such a pod, which so long as there is no metallic contact exterior to 
the toroid between the metallic cones 37 are deemed to be within the scope of this 
invention. 

[0034] The transfer of the signal from the transmitter/pod 1 0 to the drill string 

16 requires only simple metallic contact with a mating shackle 39 at the end of the 
transmitter/pod 10. No modifications to the drill string or the drilling rig are required 
for the desired transmission to occur. In one field test, transmission through 500 feet 
of drill string was obtained using the disclosed tension measurement pod 10 and a 
small receiver located at the drilling rig. It was also observed during this test that the 
transmission could be detected at any point along drill string 16. 
[0035] The receiver 17, shown in Fig. 1, captures the data from the pod 10 

using a simple flat coil antenna about 8 inches in diameter consisting of multiple turns 
of wire. This antenna is laid flat on the ground to one side of the drill path. It has 
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been demonstrated to work in close proximity to the drilling rig proximate one end of 
the drill string. It has also been demonstrated that the receiver can be moved to 
various points along the drill string and still receive the transmitted data. 
[0036] In the embodiment shown in Fig. 2, the carrier frequency for the data 

signal was selected to be 166kHz. One skilled in the art will appreciate that higher 
frequency radio waves are more greatly attenuated by passage through soil, 
necessitating the use of a relatively low frequency. There are also regulatory 
considerations as to the frequencies allotted by the FCC for underground applications. 
The frequency of 166 kHz was selected on the basis that it is easily produced by the 
microprocessor within the pod and that it falls within the allowable range set by other 
considerations. 

[0037] In accordance with one embodiment of the method of this invention for 

retrieving operational data from a subterranean borehole, a data transmitter connected 
to a drill string proximate a working end thereof is inserted into the subterranean 
borehole. A measurement system operably connected to the data transmitter is 
inserted into the subterranean borehole. At least one operational parameter of a 
downhole operation in the subterranean borehole is measured by the measurement 
system and data corresponding to the at least one operational parameter is transmitted 
using the data transmitter through the drill string to a receiver without employing any 
intermediate relay device between the transmitter and the receiver. 
[0038] While in the foregoing specification this invention has been described 
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in relation to certain preferred embodiments thereof, and many details have been set 
forth for the purpose of illustration, it will be apparent to those skilled in the art that 
the invention is susceptible to additional embodiments and that certain of the details 
described herein can be varied considerably without departing from the basic 
principles of this invention. 
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